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ABSTRACT 
 
Teams are essential components of Defence Organisations where teamwork errors, whilst rare, can lead to fatal 
consequences (Baker, Day, & Salas, 2006). Due to the increased costs and risks of live training, these organisations 
are increasingly employing synthetic team training solutions. These are advocated as effective media for the training 
of teamwork (Delise, Allen Gorman, Brooks, Rentsch, & Steele-Johnson, 2010), with a growing interest in the 
adoption of immersive Virtual Reality (VR) systems. However, these technologies come with an increased cost of 
content development (Bogan, Bybee, & Bahlis, 2019) and are generally met by a resistance to change. Although, there 
is anecdotal evidence of a training benefit of immersive technologies, there is an opportunity to explore whether their 
innate features support teamwork. Therefore, in order to justify the procurement of immersive team training systems, 
there is a need for empirical research to ascertain the optimal technology architecture for training teamwork. In this 
paper we describe early results to empirically explore the support offered by technological immersion, presence, and 
psychological fidelity for teamwork. Specifically, we looked to examine the relationship between these constructs and 
their effect on participants’ perceived ability to engage in teamworking behaviors. Participants were divided into 6 
teams of 4 and were asked to play a co-operative COTS video game (PayDay 2) with either a desktop set-up (low 
immersion) or an HMD set-up (high immersion). The results suggest that participants in the HMD condition reported 
lower teamwork, lower presence, lower usability, and higher workload, when compared to the ones in the Desktop 
condition. We conclude that participants’ lack of familiarity with the VR system may have represented an additional 
source of extraneous cognitive load, impeding them from engaging in teamwork as well as the participants in the 
Desktop condition. Lessons learned and implications for practice are discussed. 
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INTRODUCTION 
 
Defence, by nature, is a collective-centric capability (Ministry of Defence, 2017). However, for a collective to enhance 
operational capability, it must first demonstrate effectiveness at the team-level. Therefore, it is important to understand 
team effectiveness as a result of members engaging in both taskwork and teamwork (Salas, Sims, & Burke, 2005; 
Delise et al., 2010). Taskwork is task-specific Knowledge, Skills and Attitudes (KSAs) or operational skills that are 
required to complete a task (or the individual tasks which do not require interaction with other team members), whereas 
teamwork comprises the team-specific KSAs required to successfully complete the task in a coordinated and adaptive 
manner. The criticality of teamwork for successful performance is accentuated in the case of High-Reliability 
Organizations (HROs) such as the military (the target population of this research), where errors, whilst rare, can lead 
to fatal consequences (Baker et al., 2006). Consequently, training interventions aimed at teams must target both 
taskwork and teamwork competencies. However, despite the clear importance of teamwork, research in Virtual Reality 
(VR) focuses mainly on task performance, or taskwork, and/or on individual training (e.g. Buttussi & Chittaro, 2018).  
 
Team training is an intervention designed to improve team performance through the effective use of instructional tools 
and methods specifically designed to target team competencies (Baker et al., 2006). Whilst there are a number of 
different mediums (i.e. classroom-based) to deliver team training, this paper focuses on virtual environments (also 
known as synthetic training or simulation-based training). These systems enable trainees to practice in a safe 
environment which is relevant to the context in which the learning will be applied. This in turn is an important 
implication of synthetic training, as it allows for experiential learning to take place (Cannon-Bowers & Bowers, 2009; 
Dalgarno & Lee, 2010). Furthermore, team training interventions delivered through synthetic training have been 
shown to have a positive effect on teams’ abilities to achieve effective performance (Delise et al., 2010). It is of no 
surprise then, that with the increased availability of consumer-level Head-Mounted Displays (HMDs), such as the 
Oculus Rift, there is a growing interest in adopting immersive VR training solutions. Some recent efforts are the 
xCITE project with a use-case for Submariners by QinetiQ plc (2017); the Pilot Training Next programme in the US 
Air Force (McIlrath, 2018, March 9); or the SAF-TAC system trialed by the UK Ministry of Defence (SimCentric 
Technologies, 2020). Both desktop (flat screen monitor and mouse/keyboard interface) and immersive VR systems 
offer certain benefits over high-fidelity simulators and live training when used to augment or replace these. These 
systems present opportunities for deliberate practice, potentially anywhere, anytime, whilst no longer being bound by 
having to physically commute to a training site (such as in the case of high-fidelity simulators and live training). 
However, it is not clear whether immersive VR solutions are more suitable for team training than the less immersive 
desktop variants. 
 
There is an increased cost associated with immersive systems compared to the less immersive desktop variants, whilst 
seemingly providing the same functionality (Bowman & McMahan, 2007). The adoption of immersive technologies 
over less immersive Desktop systems is met with hesitance and cautiousness, since the hardware is under frequent 
upgrade cycles and content development relies on highly specialized individuals which in turn may result in higher 
costs than Desktop (Bogan et al., 2019). These potential barriers to adoption further compound the issue of resistance 
to change in organizations, especially apparent when there is a fear of changing something that already works or when 
faced with uncertainty over the effectiveness of new technology (Banton, 2019). Therefore, to justify the cost and 
overcome the potential resistance to change, there is a need for empirical evidence which demonstrates whether a 
training benefit exists over traditional and sometimes cheaper desktop choices. As Stevens and Kincaid argue, “As 
organizations’ training budgets decline, justification of simulation-based training procurement and design decisions 
will need to be made based on empirical evidence and not anecdotal belief.” (2015, p. 42). To date, the evidence of a 
training benefit in terms of both individual and team training is conflicting (J. Stevens, Kincaid, & Sottilare, 2015) . 
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Shifting Perspectives from Technology to Facilitating Teamwork 
 
A limitation of studies aiming to prove the effectiveness of synthetic training is their focus on the system as a whole, 
or as Cannon-Bowers and Bowers argued, these studies “are most often conducted at the training system level…[and] 
all that can be concluded is that this particular system did (or did not) work, but it is unclear exactly why” (2009, pp. 
233-234). This focus on the technology results in solutions that are potentially inefficient, by being bloated with 
technological features that are above and beyond what is necessary for achieving training goals, or, at the other end 
of the spectrum, ineffective, by lacking in the necessary features for delivering the required training (Kozlowski & 
Bell, 2007). Instead, Kozlowski and Bell (2007) propose that technology choices should be the last step in designing 
training systems, as tools for delivering learning experiences that incorporate the right instructional strategies for the 
training goals in question. Therefore, systems possess instructional features, or technological capabilities, such as 
immersion and communication bandwidth, at differing levels which need to be matched to the training goals and 
strategies identified as a first step. Bell and colleagues (2008) argue that manipulating the richness of these features 
can result in systems with different learning benefits. For example, by manipulating the level of immersion through 
the technology, the experience may enable trainees to better integrate knowledge. However, it could also be argued 
that rather than directly resulting in learning benefits, these features afford certain tasks, when underpinned by a 
theoretical foundation, which in turn may result in learning benefits (Dalgarno & Lee, 2010). Therefore, technology 
does not directly lead to instructional benefits, rather, it affords experiences which may result in them. In other words, 
we argue that technology acts as a facilitator rather than a catalyst for learning.  
 
Consequently, research is needed to better understand how the different features of synthetic training systems can be 
leveraged to deliver instructional experiences relevant for different training goals (Bell et al., 2008). This could explain 
why certain systems have been found to be effective for some tasks but not others. Since team training targets team-
specific KSAs, the experience afforded by a synthetic team training system should allow trainees to practice and 
demonstrate these (Shapiro et al., 2008). However, it is not clear which technological features influence a team’s 
ability to engage in teamwork. Considering that team processes are essentially mediated by the technology used, this 
research takes a step back from evaluating the effectiveness of a training system, which would be influenced by the 
quality of the instructional design. Instead, this study considers the extent that technology may influence the ability of 
team members to demonstrate and engage in these processes in the first place. This is an important distinction to be 
made, since without the presence of adequate technological affordances for certain team-related tasks, learning may 
not necessarily happen (Dalgarno & Lee, 2010). Consequently, before attempting to evaluate the effectiveness of a 
training intervention, it is important to understand to what extent the technology is able to afford teams to engage in 
the relevant processes without the added confound of the quality of the instructional curriculum. Therefore, this 
research is concerned with teams engaging in performance episodes, rather than a training scenario.  
 
In the case of the difference between traditional desktop-based systems and immersive VR systems, the construct of 
immersion is arguably the biggest cost-driver. Immersion in the literature often conceptually overlaps with the 
definitions of presence and psychological fidelity. However, in the context of this research, the rationalistic definition 
of immersion is adopted as being an objective and measurable description of a system (Slater & Wilbur, 1997; 
Bowman & McMahan, 2007). Therefore, it is possible to have a system which is more immersive than another (HMD 
vs desktop). On the other hand, presence is a subjective user-specific, psychological response to the virtual 
environment that the user experiences, which can loosely be defined as a sense of “being there” in the environment 
(Witmer & Singer, 1998; Bowman & McMahan, 2007). Fidelity, or the degree to which the virtual environment 
realistically replicates the real world, as a construct can be categorised in several ways depending on the author, 
however, psychological fidelity is considered to be the most important for team training interventions (Beaubien & 
Baker, 2004). Generally, psychological fidelity is defined as the ability of the virtual environment to engage users in 
similar processes, psychological or otherwise, as they would in the real world. Similarly, according to Beaubien and 
Baker (2004), it is the extent to which the virtual environment can make the user “suspend disbelief and interact much 
as they would in the real world”, a definition, which overlaps with that of presence. Moreover, Alexander and 
colleagues (2005) argue that a system is high in psychological fidelity if it successfully recreates the levels of 
physiological arousal (i.e. stress) that would be present in the real-world equivalent. To further illustrate the ambiguity 
surrounding these three constructs, presence has also been suggested to induce emotional arousal (Buttussi & Chittaro, 
2018). However, Lackey and colleagues found weak evidence of presence and immersion having an effect on stress 
and workload (2016). Additionally, some scholars argue that presence can be achieved without immersion (Bowman 
& McMahan, 2007). Therefore, the nature of the relationship between these three constructs is unclear. Similarly, 
there is a dearth of research on their influence on teamwork, if any.  
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This paper presents the results of an initial exploratory study which investigated whether there is a difference in 
individuals’ perceived ability to engage in teamworking cognitions, behaviors and attitudes afforded by immersive 
(HMD) VR team-based systems or less-immersive (Desktop) team-based systems. Furthermore, it sought to explore 
the relationship (if any) between the concepts of technological immersion level, presence, psychological fidelity, and 
their effect on teamwork.  
 
 
METHOD 
 
The study followed a between-subjects quasi-experimental design with two levels: the intervention, VR condition; 
and the control group, Desktop condition. The Desktop condition served as the control, due to its prevalence in current 
synthetic training system choices. Participants were blinded to the different conditions so as to not induce implicit bias 
when assigned to the “less-immersive” set-up. Participants’ assignment to the teams was quasi-random, based 
primarily on availability. Due to the small number of teams in the study (N = 6), the individual was used as the unit 
of analysis. This was appropriate for the aims of the study, which was to explore the existence of any trends or 
connections in the data.  
 
Participants 
 
Six teams, of four members each (N = 24, 22 Male and 2 Female), participated in this study. Participants were existing 
or prior students from the University of Portsmouth. They received no monetary incentive to take part in the study 
which lasted approximately 90 minutes. To control for potential effects, due to a lack of prior taskwork KSAs, 
participants were required to have prior experience with similar task environments to PayDay 2, such as First-Person 
Shooters, Tactical Shooters or Stealth video games. Prior evidence suggests that individual taskwork KSAs should be 
trained before a team can focus on teamwork training (Salas & Cannon-Bowers, 2001, as cited in Shuffler, Pavlas, & 
Salas, 2012). All participants were adults, between the ages of 18 and 35, and fluent in English. 
 

Table 1.  Characteristics of Participants in both Conditions 
 

Characteristics Desktop Virtual Reality Difference 
 N or M % or SD N or M % or SD p 
Time spent playing non-VR games/week (N, %)     0.23 
 0 hours 0 0 1 8.3 
 1-5 hours 0 0 1 8.3 
 6-10 hours 3 27.3 4 33.3 
 11-15 hours 1 9.1 2 16.7 
 >15 hours 7 63.6 4 33.3 
Familiarity with similar games (M, SD) 5 0 4.33 0.89 0.09 
PayDay 2 (non-VR) familiarity (M, SD) 2.55 2.07 1.5 1.62 0.18 
Familiarity with the team (out of 15) (M, SD) 3.59 0.94 5.33 2.26 0.04* 
Pre-state scores (M, SD)  
 Distress 1.26 0.38 1.42 0.69 0.25 
 Engagement 3.68 0.61 2.99 1.04 0.08 
 Worry 2.41 0.81 2.56 1.14 0.76 
VR-specific characteristics  
Previous VR experience (N, %)   12 100 - 
Familiarity with VR games in general (M, SD)   2.83 0.94 - 
PayDay 2 (VR) familiarity (M, SD)   0.42 0.79 - 
Time spent playing VR games/week (N, %)  
 0 hours   6 50 - 
  1-5 hours     6 50  - 

Note: M = mean; N = number of participants; SD = standard deviation 
 
After preliminary data analysis, data from one participant was removed from the final data set due to technical 
difficulties with the audio equipment. Consequently, the final sample consisted of 11 participants in the Desktop 



 
 
 

Interservice/Industry Training, Simulation, and Education Conference (I/ITSEC) 

2019 Paper No. 20293 Page 6 of 13 

condition and 12 participants in the VR condition. Furthermore, missing data excluded one participant in the VR 
condition from analyses that included the Presence, Usability, and State questionnaires.  
 
All but one team (from the VR condition) finished the mission in PayDay 2 successfully. Statistical analyses were run 
to test the assumptions that the two groups are comparable (see Table 1). The resulting p values indicate there was a 
significant difference in “familiarity with the team” between the two conditions, but not for any of the other 
demographic characteristics or pre-state scores. This would suggest that the randomization of the participants to the 
conditions was not entirely successful, introducing within-subjects variability in terms of intra-team familiarity. 
 
Apparatus 
 
Due to the available sample pool consisting of gamers, the Commercial Off-The-Shelf (COTS) game PAYDAY 2 
(PD2;  Starbreeze Studios, 2013) was chosen. The tasks available in the game resemble a military task, namely that 
of building clearing. Furthermore, the use of PD2 ensured that the experimental testbed was thoroughly tested by 
people from a similar population, thus reducing the existence of usability issues. 
 
PD2 is a co-operative first-person shooter in which players perform heists (missions) alone, or with up to three other 
team members. The experimental task was “The Big Bank Heist” mission as it required high levels of interdependence, 
where team members had to work together through the various steps required to gain access to a safe, and subsequently 
coordinate a defense against waves of policemen.   
 
The hardware platforms used for this study were VR workstations which met or exceeded the recommended minimum 
system requirements for the VR version of PD2 and those for the Oculus Rift S HMD. Each computer was equipped 
with one 24” monitor and a standard office mouse and keyboard (Microsoft Wired Desktop 600). In the VR condition, 
each participant wore an Oculus Rift S and interacted with the 
game through the VR controllers. Whilst the Oculus Rift S has 
built-in audio capabilities, to ensure that the conditions were as 
similar as possible, a pair of the same headphones were provided 
in both conditions. For communication purposes, participants in 
the Desktop condition were provided with a desk microphone. 
Moreover, dividers were set up between the 4 desks to make sure 
that participants in the desktop condition cannot look at each 
other during the experimental task to simulate remote virtual 
training conditions (see Figure 1). These dividers were moved to 
the back of the room during the VR sessions because they posed 
a potential risk to participants wearing an HMD. 
 
Measures 
 
Demographic Questionnaire 
The demographics questionnaire addressed items pertaining to participant characteristics (see Table 1). There were 
two versions of the demographics questionnaire depending on the condition that the participants were allocated to. It 
has been previously suggested that team members’ level of familiarity can influence team effectiveness and 
performance (Hoebbel, Bauerle, Macdonald, & Mallett, 2015; Cotard & Michinov, 2018). Thus, intra-team familiarity 
was measured as part of the demographics questionnaire. Given the context of the present study, it was expected that 
familiarity would vary between team members. Therefore, to increase the precision of the instrument used to collect 
this data, participants were asked to respond to four items (“How familiar are you with Participant # socially and 
professionally? (please ignore if you are participant #)”, where “#” was labelled from 1 to 4 based on which computer 
they were seated at. Thus, there were two corresponding scales, “Socially (i.e. play games together, family, in a 
relationship, etc)” and “In work context (i.e. worked on a project together before, coursemates)” for each team 
member. Each subscale was scored on a 5-point Likert scale, with minimum team familiarity scores for each 
participant being 3 and maximum being 15.  
 
Teamwork Questionnaire 
A significant amount of research from different domains has informed the study of teamwork, resulting in a high 
number of theoretical perspectives and teamwork models related to team effectiveness in the literature (for an in-depth 

Figure 1. Desktop Set-Up 
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review see Paris, Salas, & Cannon-Bowers, 2010). The “Big Five” Teamwork Model (BFTM) (Salas et al., 2005) 
model was based on the review of over 130 models, from which five core dimensions (Leadership, Team Orientation, 
Mutual Performance Monitoring, Back-Up Behaviour, Adaptability) and three enabling mechanisms (Shared Mental 
Models, Mutual Trust, Closed-Loop Communication) were proposed as subsuming teamwork. The model’s 
applicability has also been demonstrated in the military domain (Duel, 2010; Ohlander, Alfredson, Riveiro, & 
Falkman, 2016). Therefore, the research described here used the BFTM to develop an understanding of the influence 
of certain technological capabilities on teamwork processes. However, since some of the processes, such as team 
orientation and trust, are not outwardly manifested and therefore not observable, a self-report instrument developed 
by Duel (2010) was used. For the current study, only the subscales that measured the processes from the BFTM were 
included in the final questionnaire. Furthermore, the wording was changed to better fit the experimental task and 
sample population. The Leadership subscale was optional, and an additional question asked participants whether they 
thought somebody assumed the role of a team leader, which was not a requirement for successful completion. All 
questions were rated on a 5-point Likert scale ranging from 1 (never) to 5 (always), with scores being averaged for 
each subscale. Consequently, the overall teamwork score was computed as the average of all questions (without the 
Leadership subscale) and ranged between 1 and 5. The revised version of the questionnaire achieved high reliability 
with the current sample (Cronbach’s α = 0.96, 40 items). 
 
Short Stress State Questionnaire 
Participant’s conscious appraisal of task-related stress, as an indirect measure of psychological fidelity, was measured 
pre- tutorial and post- intervention by administering the pre- and post- versions of the Short Stress State Questionnaire 
(SSSQ;  Helton, 2004; Helton & Näswall, 2015). The SSSQ is a 24-item scale that measures task distress, engagement 
and worry (7 items each), scored on a 5-point Likert scale. Previous validation of the instrument has provided evidence 
of high reliability (above .80 for each dimension) and support for the factor structure (Helton & Näswall, 2015). State 
change scores were calculated for each scale as d = (individual post-score - individual pre-score).  
 
Presence Questionnaire 
Presence was measured using the Presence Questionnaire (PQ) (v3.0) developed by Witmer and Singer (1998) and 
revised by the UQO Cyberpsychology Lab (2004). The revised version demonstrated high reliability with α = .84. 
Participants responded to 22 items on a 7-point scale anchored at the beginning, middle and end. The instrument 
measures presence through the six dimensions of Realism, Possibility to act, Quality of interface, Possibility to 
examine, Self-evaluation of performance, and Sounds. The overall presence score was computed as the sum of the 
scores of each factor. 
 
NASA-TLX  
Srivastava and colleagues have found that increasing levels of immersion (such as HMD compared to desktop) may 
lead to an increase in mental workload (2019). They postulate that the effect of workload and VR induced sickness 
need to be controlled for when comparing performance of users with different systems. Guthrie and colleagues propose 
that the relationship between workload and team processes follows an inverted U-shape, whereby low levels and high 
levels of workload negatively impact team performance (2007), with inadequate levels of workload acting as a stressor 
on the performance of teams (Salas et al., 2005; Paris et al., 2010). Therefore, the subjective workload of participants 
was measured with the NASA Task Load Index (Hart & Staveland, 1988). The questionnaire consists of six scales 
measuring distinct factors (Mental Demand, Physical Demand, Temporal Demand, Performance, Effort and 
Frustration), which combined represent the workload experienced by individuals during or immediately following a 
task. The score for each factor was computed by multiplying participants’ answers by 5 thereby resulting in a score 
ranging from 0 to 100. Overall workload score for each participant was calculated by computing the arithmetic mean 
of each factor’s score, with higher numbers representing higher workload. 
 
System Usability Scale 
It has been previously suggested that poor usability of a training system or a game, may hinder learning(Bailey, 
Johnson, Schroeder, & Marraffino, 2017), the experience of presence (Brown & Cairns, 2004), and team effectiveness 
(Hasler, Buecheler, & Pfeifer, 2009). Therefore, in line with Bailey and colleagues’ suggestion(2017), to ensure that 
any differences found between the two conditions were not due to a higher usability, we measured participants’ 
perception of usability in each condition through the System Usability Scale (Brooke, 1996). The SUS is comprised 
of 10 items, with even-numbered ones having a negative tone, and odd-numbered ones having a positive tone. Its 
validity, reliability (α of .90 or over), and sensitivity has been evidenced by numerous researchers (for a review of 
examples see Lewis & Sauro, 2018). Usability scores range from 0 to 100, higher scores denoting a higher level of 
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perceived usability. Whilst the original items referred to “system”, it was decided to substitute it with “game”, and the 
word “use” was substituted with “play” to better reflect the apparatus and its purpose in the current study. Prior 
research has found that consistent substitution had no effect on the resulting scores (Lewis & Sauro, 2018).  
 
Procedure 
 
After obtaining consent for their participation in the study, participants filled out the demographics questionnaire and 
the pre-test SSSQ. Next, all participants played through the video game’s tutorial (approximately 10 minutes), using 
a monitor or a HMD, depending on the condition assigned to. This ensured that they could familiarize themselves with 
the controls and basic actions in Payday 2. During a ten minute break that followed the tutorial, general guidance was 
given on the objective of the mission they were going to perform, and they were reminded to keep checking these 
once “on mission”. 
 
After the break, participants played through the experimental mission. In order to ensure that the HMD was not worn 
for extended periods, participants were only allowed to restart the mission if they failed it (all 4 participants were 
taken into custody or died) in the first 20 minutes. After the experimental task, participants were asked to fill out the 
following questionnaires in the following order: teamwork, NASA-TLX, post-test stress state, presence, and system 
usability scale. Finally, all participants were debriefed and dismissed.  
 
 
RESULTS 
 
The expectation of this study was that an increase in technological immersion would lead to differences in the 
dependent variables. Consequently, a series of independent t-tests was run to determine if there were differences in 
the dependent variables between the VR condition and the Desktop condition. Correlational analyses were conducted 
to explore the relationship between variables of interest. Effect sizes and their respective 95% Confidence Intervals 
(CI) were also reported using Pearson’s correlation coefficient r. Given the exploratory nature of the study, no 
directional predictions were made. All analyses were run using SPSS v.25. 
 
Teamwork Perceptions 
 
On average, participants judged their Teamwork (excluding leadership scores) higher in the Desktop condition (M = 
3.92, SD = 0.40) than in the VR condition (M = 3.30, SD = 0.71). The difference in scores between the conditions was 
significant, M = 0.63, 95% CI [0.12, 1.13], t(21) = 2.578, p = 0.02, and it represented a medium-sized effect, r = 0.47, 
95% CI [0.09, 0.74]. This trend could also be seen at the team level (mean of participants’ score in each team). In 
order to ascertain how the individual teamwork processes were influenced by the level of immersion, additional t-tests 
were run for each of these (see Figure 2). 

Figure 2. Individual Teamwork Processes by Condition. * 
stand for p < 0.05; ** stands for p < 0.01 
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Factors Influencing Teamwork Perceptions 
 
A number of analyses were run to ascertain whether there was a significant difference between conditions for the 
additional factors measured. The results can be seen in Table 2.  
 

Table 2.  Summary of Means and SDs of Factors by Condition 
 

Dependent Variable Desktop Virtual Reality Difference 

 M (SD) M (SD) p r 

Presence 116 (14.77) 97.36 (14.65) 0.008** 0.54 [0.15, 0.78] 

Psychological Fidelity   

 Distress Change Score 0.07 (0.28) 0.26 (0.65) 0.38 -0.19 [-0.54, 0.22] 
 Engagement Change Score 0.51 (0.44) 0.35 (0.67) 0.70 0.14 [-0.26, 0.50] 

 Worry Change Score -0.15 (0.53) -0.10 (0.71) 0.86 -0.04 [-0.42, 0.36] 

Workload 47.35 (14.89) 62.57 (13.89) 0.02* -0.47 [-0.73, -0.08] 

Usability 81.82 (11.24) 53.86 (22.45) 0.002** 0.62 [0.26, 0.83] 

Note: * stands for p < 0.05; ** stands for p < 0.01; M = mean; SD = standard deviation 
 
Of note are the Usability scores (Table 2). According to Bangor and colleagues, systems have acceptable usability if 
their respective SUS scores are above 70, scores between 50 and 70 suggest marginal, and scores under 50 suggest 
unacceptable (2008). Therefore, on average, the usability of the VR version was on the lower end of being marginal, 
with the minimum score being 17.5, suggesting serious concern over the system’s usability.  
 

 Table 3.  Correlation Results 
 

Control 
Variables 

 1 2 3 4 5 6 7 

-none- 1. Teamwork 1.00       
2. Presence  0.410 1.00      
3. Distress State Change -0.344 -0.371 1.00     
4. Engagement State 
Change 

0.164 -0.052 -0.493* 1.00    

5. Worry State Change 0.173 0.079 0.372 -0.312 1.00   
6. Condition -0.50* -0.470* 0.342 0.12 0.10 1.00  
7. Usability 0.173 0.604** -0.474* 0.082 -0.168 -0.585** 1.00 

Condition 
& 
Usability 

1. Teamwork 1.00       
2. Presence 0.351 1.00      
3. Distress State Change -0.298 -0.106 1.00     

4. Engagement State 
Change 

0.302 -0.093 -0.551* 1.00    

5. Worry State Change 0.242 0.234 0.338 -0.311 1.00   

Note: * stands for p < 0.05. ** stands for p < 0.01. df (degrees of freedom) for the zero-order (Pearson) correlations 
was 17, and 15 for the partial correlations controlling for condition and usability. 
 
To further explore the differences in usability between conditions, Spearman’s rho was calculated between the SUS 
and participants’ familiarity with the relevant game genres. The resulting correlation coefficient, rs (22) = 0.475, was 
significant, p = 0.03. Furthermore, significant correlations were found between usability and workload, r (22) = -
0.476, p = 0.03, and between usability and the frustration subscale of workload, r (22) = 0.822, p < 0.01. 
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The relationship or lack thereof between teamwork and the three technological capabilities of presence, psychological 
fidelity, and technological immersion, were explored through correlational analyses (see Table 3). Partial correlations 
were conducted to control for the level of immersion (condition) and usability, which was found to be significantly 
different between conditions. Thus, the variance in teamwork accounted for by presence and psychological fidelity 
could be ascertained without the shared variance of immersion and usability (Field, 2009). Upon inspection of the 
scatterplots, outliers were identified in the data. The correlations were not consistent when run with and without the 
outliers, thus, they were not included in the final analysis.  
 
 
DISCUSSION 
 
The goal of this research was to investigate whether systems with two technological immersion levels (Desktop vs 
HMD VR) differed in their support for individuals to engage in the teamwork competencies described by the BFTM. 
Furthermore, it sought to explore the relationship between the technological capabilities of immersion, presence, and 
psychological fidelity, and how they might influence participants’ experience of teamwork. The results of the current 
study highlight several interesting findings as they relate to the design of synthetic team training systems and future 
research in the area.  
 
Participants in the less immersive Desktop condition judged their teamwork significantly higher than those in the more 
immersive VR condition. This is interesting given that on average the teams in the VR condition were more familiar 
with each other and previous research suggests that teams high in familiarity demonstrate better teamwork (Hoebbel 
et al., 2015; Cotard & Michinov, 2018). A potential explanation for this finding is in line with Guthrie and colleagues’ 
(2007) perspective on team processes mediated by technology and is derived from media naturalness theory (Kock, 
2002). The authors hypothesize that as the medium becomes less natural, teams will report higher workload, lower 
teamwork, and lower physiological arousal. However, this effect is mediated by the familiarity of members with the 
medium, where higher familiarity alleviates this effect (Kock, 2002). Whilst VR would be classed as the more 
“natural” medium based on the criteria set out by Kock (2002), given its relative novelty, participants were potentially 
less familiar with the system than those in the Desktop condition, thus leading to results similar as the ones 
hypothesized by Guthrie and colleagues (2007). We hoped to overcome this by allowing participants in both conditions 
to familiarize themselves with the respective systems through the tutorial mission. However, judging by the low 
usability ratings of the VR version of the game, more time could be necessary for familiarization purposes.  
 
The low usability of the VR version may have affected the relationship between the technological capabilities and 
teamwork, as there is a trend of potential connections, albeit non-significant. In particular, presence was significantly 
correlated with usability (Table 3), which could suggest that usability issues potentially disrupted participants’ feelings 
of presence. Similarly, the significant correlation between usability and distress state change, suggests that 
participants’ feelings of distress post-task were elevated due to these issues.  
 
The significant correlation coefficient between usability and workload, specifically between usability and frustration, 
could suggest that the usability issues contributed to the higher workload experienced by the participants in the VR 
condition. As a result, participants may have had less cognitive resources available for teamwork processes and were 
more focused on trying to achieve their individual tasks whilst distracted by these issues. However, there is another 
explanation. It could be that with higher levels of immersion, there is an increase in participants’ extraneous cognitive 
loads as they may get distracted by immersive stimuli and additional cues that are not relevant to the task (van der 
Land, Schouten, Feldberg, van den Hooff, & Huysman, 2013). These distractions could then potentially lead to lower 
perceived usability. Therefore, it is important that environments are designed in such a way that they do not overload 
trainees’ with irrelevant sources of information, and that trainees are familiar enough with the system to achieve their 
individual tasks. 
 
Limitations and Directions for Future Research 
 
Arguably, the main challenge with the current study and its findings was the usability of the system. The motivation 
behind our choice was that the VR version of PD2 had been commercially available for two years at the time of study, 
allowing for an extended period of user testing. Furthermore, the VR version is very similar to the Desktop one, apart 
from the interaction metaphors; although the difference in participants’ familiarity with the Desktop version was not 
significant. However, it would appear that playing through the tutorial mission was not enough for participants to 
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familiarize themselves with the VR system and its affordances. This could mean that the interaction mapping in the 
VR version was not intuitive, or that the in-game instructions were not clear enough. This is similar to Montoya and 
colleagues’(2011) results, where prior experience with the software, was positively related to the performance of 
teams, hypothesising that these teams’ were in a better position to leverage the affordances of the system for exhibiting 
teamworking behaviours. Future research should collect qualitative data to explore the effect of usability on teamwork. 
 
Another limitation of the current study was the small sample size which meant that the individual was used as the unit 
of analysis, following the studies of Hoebbel et al. (2015) and Lackey et al. (2016). Using the individual participant 
as the unit of analysis may inflate Type I errors, since the existence of a hierarchy in the sample (individuals being in 
teams), results in data not being independent (Kashy & Hagiwara, 2012). This was appropriate for the aims of the 
current study, which was to explore the existence of any trends and connections in the data. However, future studies 
should aim to use multilevel modelling techniques or team-level data. 
 
Considering the above limitations, our next study will test whether the same trends and connections are apparent when 
both groups are comprised of teams of individuals who are highly experienced with their respective technology. A 
larger sample size will be used to allow for the appropriate statistical techniques to be used for exploring the original 
aim of this paper.  
 
 
CONCLUSION 
 
With the increased availability of consumer level HMDs, there is an increased interest in adopting more immersive 
VR for team training. However, there is a dearth of research supporting the existence of a training benefit for teamwork 
over the less immersive desktop options. It is important that research focuses on the difference in the level of support 
of technological capabilities between these systems so that empirically informed design decisions can be made. The 
current paper was an initial exploration of how this could be achieved. Whilst the original aim was only partially 
fulfilled, the findings suggest that systems higher in immersion may lead to an increase in individual’s cognitive load 
due to perceived usability issues. This can then lead to trainees being too distracted by trying to engage in taskwork 
KSAs, to focus on the expected teamwork KSAs. Therefore, practitioners should ensure that trainees can familiarize 
themselves with the system before training teamwork. Similarly, special attention should be given to the interaction 
mapping and instructions within the environment. 
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